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Abstract: Treatment of N-substituted phthalimide-derived hemi-Of n-Buli to the imido-carbonyl is much faster than-$n
aminal with alkyllithium led to tetrahydroisoquinolones with highI‘I transmetallation and that the ring-enlarging reaction

diastereoselectivity. Mechanistic studies furnish persuasive eRf0c€eds via dilithiated hemiaminaks shown in patB
dence that the present ring-enlarging reaction proceeds via té&cheme 3).
tomerization of the hemiketal moiety and the resulting ketone

undergoes an intramolecular nucleophilic addition reaction.

O
Key words: hemiaminal a-aminocarbanion, stereoselective syn- SnBuUs oL
thesis, tetrahydroisoquinolone, axial chirality N4< T
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Substituted tetrahydroisoquinolones are valuable cor n-BuLi
. . 1 2 syn-3
pounds as synthetic precursors for a large and diver _p.c ., 10equv  88% n.d.
family of biologically important alkaloids. Although 2.0 equiv  18% 46% (dr = >99:<1)
several methods for the stesetective synthesis of sub- Seh
. . . eme2
stituted tetrahydroisoquinolones have been reported, a
more efficient approach needs to be develdpddrein,
we wish to report a stereoselective approackyne3,4- @ ?
disubstituted tetrahydroisoquinolon&s by an anionic Li R
ring-enlarging reaction of phthalimide-derived hemi: ‘< NLi
aminalA (Scheme 1). We found this simple and efficien S R
approach while studying-amino alkylstannanes. path A
n-BuLi
1
R \ path B
n-Bu_ OLi
SnBus ) Li
A N4< n-BuLi N—<
Scheme 1 R R
e o
v \

Recently, we synthesized a phthalimide-deriveamino g ycmes
alkylstannanel to study the aza-Wittig rearrangeméht.

To further explore the synthetic utility of this class
compounds, we planned ring-enlarging acyl migration
alkyllithium i prepared fronl via Sn-Li transmetalla-
tion (vide infra: pattA in Scheme 3j.However, the reac-
tion of stannané with an equimolar ofi-BuLi in THF at
—78 °C gave hemiamin& exclusively (88%), instead of
the expected ring-enlarged prodéichlevertheless, a
similar reaction using two equivalents fBuLi gave
tetrahydroisoquinolonsyn-3 in 46% yield as a single dia-
stereomef, along with hemiamina® (18%; Scheme 2).
These results clearly indicated that nucleophilic additio

Oj;}ased on this observation, we envisaged that the non-

stannylated phthalimides, bearing an acid&amino pro-

ton, can also provide tetrahydroisoquinolonesntig the

action of an excess amount of organolithium as a base. As

expected, the reaction df-benzyl-phthalimide 4) with

five equivalents ofh-BuLi in THF gave tetrahydroisoqui-
nolone 5a, although the chemical yield was moderate

(Scheme 4). Significantly enough, a similar reaction using
MelLi provides the corresponding ring-enlarging product
in excellent yield with a high level @yn-selectivity

8% yield, dr = 95:5).This result reveals that MeLi is a

superior base for the present ring-enlarging reaétion.

SYNLETT 2006, No. 15, pp 2449-2453 In order to access a wider variety of tetrahydroisoquinolo-
Advanced online publication: 08.09.2006 nes, next we performed a ring-enlarging reaction of
DOI: 10.1055/s-2006-950423; Art ID: U06606ST hemiaminal containing various Ryroups.
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0] Me, OMe Me H
R'M
(5 equiv) N N
N e o n
S -78—->0<C 0 ) o)
4 R'M = n-BuLi 5a: R' = n-Bu (49%, dr = 81:19) !
MelLi 5b: R' = Me (98%, dr = 95:5) Figurel
Scheme 4
First, the expected transition states TS1 (6.0 kcatlnol
for isomerization of dilithiated hemiamin& and TS3
R'M &OH MeLi (14.2 kcal matY) for intramolecular nucleophilic addition
(1 equiv) (5 equiv) leading t010 (-16.0 kcal mof) were optimized from the
N g p
THF §\< _\ph THF predicted geometries near the saddle points. Second, in-
—78T Y -78-50%T trinsic reaction coordinate (IRC) analyses of the thus-ob-
RM= n-Buli  6a R = n-Bu (76%) 5 (96%, dr = 85:15) tained TS1 and TS3 were performed to demonstrate the
MeLi  6b: R = Me (92%) 5b (91%, dr = 93:7) adequacy of their structures, as well as to find the struc-
PhMgBr 6c: R' = Ph (70%) 5¢c (96%, dr = 99:1) ; ; ; _
NaBgAf i R = H (68%) o (08%. i 58.4) ture of the intermediates. Interestingly enough, IRC calcu
lation of TS1 gave and IM1 (—9.9 kcal mot) as the two
Scheme5 stable conformations; in the meantime, TS3 gH¥and

IM2 (-5.7 kcal motl). These results indicate that the
Hemiaminalssa—d were easily prepared frowith the present ring-enlarging reaction proceeds via at least three
corresponding R reagents, and they provide tetra-steps. Finally, the transition state TS2 (17.4 kcalHol
hydroisoquinolonesa—d upon treatment with MeLi in for the transformation of IM1 to IM2 was found to have
excellent chemical yields as shown in Scheniés. the highest energy barrier in this reaction pathway.

The present ring-enlarging reaction most probably prd-he reaction profile shows that this reaction is constructed
ceeds via tautomerization of the hemiketal moiety and tifi@m the three steps, and the intermediate IM1 is trans-
resulting ketone undergoes an intramolecular nucleophifiermed into IM2, so the reaction points are in close prox-
addition reaction (patA in Scheme 6). imity (C! and &) along with Lt and L? which change

An equally likely aza-[1,2]-Wittig rearrangement path_thelrcounter anlon_fr_om N tojfandlC toN, respe_ctlve—
way (pathB in Scheme 6} was ruled out by the result of ly. Next, the transition states of Ch_wethy_l—s_ubstltuted
a comparable experiment wi@ih-derived methyl aminal model_compourjcl_l were calculateo!, ina S|m_|lar manner,
7 and deoxygenated-derivativi (Figure 1). They are to clarify the origin of thesyn-selectivity in this reaction
reasonable substrates for aza-Wittig rearrangement; ho(ﬁ_cheme 7).

ever, they gave no ring-enlarging product under simil#s a result, thenti-selective transition state at the third
conditions!? It clearly shows the hemiketal moiety isstep anti-TS3) shows a significantly higher energy barri-
essential in the present ring-enlarging reaction. er (16.7 kcal mof) than that of thesyn-selective transi-

It is interesting to note that the hemiaminal alkoxide aclion state Yn-TS3, 8.0 kclal mot). The steric repulspn
as a masked ketone, and reacts only with an intramole substituents on‘Gand C' carbons increases the activa-

lar nucleophile (benzylic carbanion) but does not rea .Pn energy of the transition staati-TS3 so th"?‘t the_yn-

: s product is predicted to be formed as the major diastereo-
with the excess alkyllithium. ”

. _ . mer through the transition steggn-TS3. Encouraged by

To validate the proposed mechanism and to gain an e establishment of a highdyn-selective ring-enlarging
sight into the higlsyn-selectivity, we performed a compu-reaction, we next performed a similar reaction using enan-
tational study of simplified model compourfllusing tjo-enriched stannarte To our surprise, the optical purity
density functional theory (DFT) calculations (Figuré®). of syn-3 obtained fromR)-1 (>95% ee) was only 33% ee,

R\ | O—Li R
Li O
[ »~ — ] X
Ry OLi PaihA R N
Li o) o U
v
R Ry, O-—Li R\ OLi
e} path B Li 4
S [ 2 [ A
R LR
0 o U

Scheme 6
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Figure2 B3LYP/6-31+G(d) potential energy surface of the ring-enlarging reaction of dilithiated hemi&nemargies in kcal mo).

0
N_{SnBu3 n-BuLi (5 equiv)
) THF, -78 T
0 0
(R)-1 (+)-(3R,4R)-3
anti-TS3 anti-12 (>95% ee) (57%, 33% ee, dr = >99:<1)
: —1 o x -1
(16.7 keal rnc:l ) (~20.7 keal n?ol ) nBL OH n-Bu, OH
2 o y SnBus as above ~R
g 3 E N— —_ :
Jf‘cl \ 1(4)X o T NH
)P\ — 13 R
11 :,g @ ou N )y I
S L " ] \ \
Li® } ol--"'-i2 950 (1s,zR2-299_ (-)-(35,45)-3
synTS3 sy (>95% ee, dr = >99:<1) (48%, 62% ee, dr = >09:<1)
\_ (8.0 kcal'mol™) (-19.4 keal-mol™) n-Buy, OH n-Bu,_OH
Scheme 7 Transition states of intramolecular addition reattio \ SnBus as above R
(TS3) for dilithiated hemiamindll [B3LYP/6-31+G(d)]. NS '——,R
_ _ _ O R=PhC,H, 0
which means that the reaction proceeds in a non-st (IR,1'R)-2 (+)-(BRAR)-3

reospecific manner in terms @famino carbanion chiral- 9% ee. dr=>99:<1) (50%, 68% ee, dr = >99:<1)

ity.2#150n the contrary, the reaction of both diastereomegsheme s
of hemiaminal, namely (5 1'R)-2 and (R,I'R)-2, pro-
vides syn-3 maintaining surprisingly high optical purity
(62—-68% ee). Of particular note, is that their major ena
tiomer has the opposite sign of rotation (Schemé Bhe
above-mentioned stereochemical outcome is attributa
to the axial chirality on the carbonyl moietyinor ent-vi
derived from the central chirality of'Gind it exerts a
stronger influence than that of theamino carbanion
chiral center (€) on the steric course of the reactionAcknowledgment

T,hen the 'reactlon of 1571 R)-Z prefgrentlally proceeds_ VI This research was supported in part by a Grant-in-Aid for Scientific
vi to provide (3,49)-3" with retention of stereochemistry pesearch on Priority Areas (A) ‘Creation of Biologically Functional
at Ct and C' (C* and C in 3) (Scheme 9). On the other Molecules’, Exploratory Research No. 17655038 and the 21st
hand, (R1R)-2 provides intermediatespi-vi having Century COE Program ‘Creation of Molecular Diversity and
severe 1,2-repulsion between theBu and R group. Development of Functionalities’ from the Ministry of Education,
Therefore, itsi-amino carbanion center was epimerizeulture, Sports, Science and Technology, Japan. The authors
to form stereochemically favorabtt-vi which under- acknowledge helpful discussions with Dr. Yoshihiro Osamura for
L . the computational study.
goes cyclization to provide f4R)-3.

In summary, we have described a diastereoselective
prroach to tetrahydroisoquinolone by the ring-enlarging
reaction of phthalimide-derived hemiaminals. Further

fldies on the scope and limitation of this reaction as well
as its synthetic applications are now under way.
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The ring-enlarging reaction of the phthalimide-derived
enolate is well established as the Gabriel-Colman rearrange-
ment; see: Allen, C. F. Chem. Rev. 1950, 47, 275.

All the compounds were characterized*Hyand**C NMR
analyses (recorded in CDGlInless specified otherwise).
Data for selected products follow.

(1R*,1’R¥)-2: IH NMR (270 MHz):6 = 7.71-7.67 (m, 1 H),
7.52—7.40 (m, 3 H), 7.25-7.09 (m, 5 H), 3.23 @d,9.2,

5.3 Hz, 1 H), 2.70-1.90 (m, 6 H), 1.61-0.79 (m, 34fQ.
NMR (67.5 MHz):5 = 166.8, 146.5, 141.9, 131.8, 131.6,
129.6, 128.3, 125.8, 123.0, 121.7, 92.8, 38.7, 35.8, 34.6,
29.3,29.1, 27.6, 25.9, 22.6, 13.7, 11.4.

(1$4,1'R*)-2: *H NMR (270 MHz):8 = 7.75-7.72 (m, 1 H),
7.52—7.45 (m, 3 H), 7.30-7.17 (m, 5 H), 3.43-3.35 (m, 1 H),
2.80-2.51 (m, 3 H), 2.18-1.90 (m, 3 H), 1.65-0.74 (m, 34
H). *C NMR (67.5 MHz):3 = 167.1, 146.2, 141.7, 131.7,
129.6, 128.3, 128.2, 125.9, 122.8, 121.6, 91.9, 39.1, 36.0,
34.7,29.3, 29.1, 27.5, 26.1, 22.5, 13.6, 11.1.

3:H NMR (270 MHz):5 = 8.03-7.99 (m, 1 H), 7.57-7.48
(m, 2 H), 7.42-7.34 (m, 1 H), 7.27-7.11 (m, 6 H), 6.83 (dd,
J=143,48Hz, 1H),3.41(td=7.9, 2.8 Hz, 1 H), 2.84—
2.75 (m, 1 H), 2.66-2.55 (m, 1 H), 2.28 (s, 1 H), 2.18-2.07
(m, 1 H), 2.02-1.92 (m, 1 H), 1.87-1.75 (m, 1 H), 1.65-1.52
(m, 1 H), 1.39-1.04 (m, 4 H), 0.81 Jt= 7.1 Hz, 3 H)13C

Synlett 2006, No. 15, 2449-2453 © Thieme Stuttgart - New York

(10)

NMR (67.5 MHz):8 = 164.8, 143.2, 141.0, 132.5, 128.6,
128.5,128.3, 127.8, 127.6, 126.6, 126.1, 124.4, 74.1, 58.8,
40.8, 32.2, 31.6, 25.4, 22.8, 13.9.

5a: dr = 85:15H NMR (300 MHz):5 = 8.10 (dJ = 7.5 Hz,
1H), 7.65-7.35 (m, 3.90 H), 7.20-7.15 (m, 2.58 H), 7.07—
7.04 (m, 1.71H), 6.64 (brs, 0.85H), 6.36 (brs, 0.15 H), 4.86
(s, 0.15 H), 4.64 (d]= 4.5 Hz, 0.85 H), 2.31 (br s, 0.15 H),
2.05-1.97 (m, 1.85 H), 1.90 (br s, 0.85 H), 1.57-1.40 (m,
0.85 H), 1.57-1.07 (m, 3.15 H), 1.06-0.95 (m, 0.15 H), 0.86
(t,J=7.5Hz, 2.55H), 0.68 (§,= 7.5 Hz, 0.45 H)}*C NMR

(75 MHz):5 = 166.43, 165.10, 143.89, 142.89, 136.73,
135.56, 132.72, 132.25, 128.74, 128.58, 128.51, 128.46,
128.00, 127.86, 127.70, 126.63, 125.40, 125.13, 74.54,
73.61, 65.78, 63.74, 41.66, 34.72, 29.70, 25.82, 24.88,
22.89, 14.06, 13.96.

5b: dr = >95:<5!H NMR (300 MHz):6 = 8.10 (dJ=7.5

Hz, 1 H), 7.57-7.50 (m, 2 H), 7.45-7.40 (m, 1 H), 7.30-7.26
(m, 3H),7.22-7.19 (m, 2 H), 6.40 (brs, 1 H), 4.6 D@ 3.3

Hz, 1 H), 2.08 (s, 1 H), 1.67 (s, 3 HJC NMR (75 MHz):

5 =65.17, 143.70, 136.58, 133.36, 128.83, 128.75, 128.70,
128.30, 128.11, 126.67, 124.14, 71.21, 65.50, 28.33.

5c: dr = >95:<51H NMR (270 MHz, DMSOd): § = 8.22
(d,J=3.1Hz, 1 H), 7.98 (ddl= 7.3, 1.8 Hz, 1 H), 7.54—
7.46 (m, 2 H), 7.26 (s, 5 H), 7.16-7.04 (m, 6 H), 6.14 (s, 1
H), 4.98 (dJ=3.1 Hz, 1 H).

5d: dr = 58:421H NMR (300 MHz):8 = 7.97 (dJ = 7.2 Hz,
0.42 H), 7.69 (dJ = 7.2 Hz, 0.58 H), 7.53—-7.30 (m, 5 H),
7.25-7.14 (m, 3 H), 6.51 (br s, 0.58 H), 6.25 (br s, 0.42 H),
4.88-4.74 (m, 2 H), 2.71 (br s, 0.58 H), 2.18 (br s, 0.42 H).
13C NMR (75 MHz):5 = 166.02, 165.96, 139.24, 138.90,
138.51, 136.61, 132.99, 132.81, 128.98, 128.80, 128.58,
128.19, 128.04, 127.83, 127.41, 127.17, 127.07, 71.68,
69.24, 62.48, 60.33.

The diastereomeric ratio was determinedHhNMR

analysis.

Bisagni and co-workers reported a similar tetrahydroiso-
quinolone synthesis involving the dilithiated intermediate,
see: Delcey, M. C.; Huel, C.; Bisagni,Heterocycles 1995,

41, 1721.

The exact origin of the observed high reactivity of MeLi
compared with that af-BulLi is not clear at present, though

it might be considered as the result of a difference of their
aggregation states.

Ring-Enlarging Reaction; Typical Procedure: To a

solution of hemiaminabb (61 mg, 0.24 mmol) in anhyd

THF (10 mL) was added MeLi (1.04 M solution i@t

1.15 mL, 1.20 mmol) dropwise at —78 °C under an argon
atmosphere. The resulting mixture was stirred at —78 °C for
30 min and then the temperature was allowed to rise to 0 °C
over a period of 30 min. The reaction was quenched with a
sat. aq solution of NiCI. The aqueous layer was extracted
with EtOAc. Then, the combined organic layer was washed
with a sat. aq solution of NaCl, dried over,H8),, filtered,

and the solvent was removed under reduced pressure. Puri-
fication by silica gel chromatography (hexane—EtOAc, 3:1)
gave 56 mg (91%; dr 93%) of tetrahydroisoquinolbne

The relative stereochemistrySafwas determined a&yn by
X-ray crystallography of its dimethylated derivati&
(Scheme 10). The stereochemistry of tetrahydroiso-
quinolonesba, 5b, andsd was speculated agn based on its
similarity with 5c. Crystallographic data fdr3 have been
deposited with the Cambridge Crystallographic Data Center
as supplementary publication no. CCDC 610566. Copies of
the data can be obtained free of charge on application to
CCDC, 12 Union Road, Cambridge CB21EZ, UK (deposit
@ccdc.cam.ac.uk).
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possibility of the aggregation was not considered. The sum
of electronic and zero-point energies was used as the energy
values in Figure 2 and Scheme 7.

(14) The enantiopurity d3 was determined by HPLC analysis
using a Sumichiral OA-3200 column.

(15) It has been reported that th@amino benzylic carbanion is

ot stereochemically unstable; see: Hoffmann, R. W.; Ruhl, T.;

Scheme 10 Harbach, JLiebigs Ann. Chem. 1992, 725.

(16) Stereochemistry of the major epime2dfir = 69:31) was
assigned as B 1'R)-isomer based on a correlation with the

(11) Reviews on aza-Wittig rearrangement: (a) Tomooka, K. In vinyl analogue. The reaction dR}-1 with H,C=CHMgBr
The Chemistry of Organolithium Compounds; Rappoport, provides (R’R)-isomer as the major epimer (dr = 83:17)
Z.; Marek, 1., Eds.; John Wiley & Sons: New YogK04, and its stereochemistry was unambiguously determined by
749. (b) Vogel, CSynthesis 1997, 497. X-ray crystallography. The detailed result as well as a ring-
(12) Generation of the benzylic anion was confirmed by a enlarging reaction of a vinyl analogue will be reported
trapping experiment using TMSCI. elsewhere.
(13) DFT calculations were performed at the B3LYP/6-31+G(d) (17) The absolute stereochemistry3ofias speculated based on
level with Gaussian 03 on TSUBAME system at Tokyo the reaction mechanism.

Institute of Technology. To simplify the calculation the

Synlett 2006, No. 15, 2449-2453 © Thieme Stuttgart - New York
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